Background: Cognitive impairment either with presence or absence of neuromotor disability is a pertinent issue after neonatal encephalopathy (NE).
INTRODUCTION
Neonatal encephalopathy (NE) is a clinical syndrome noted in the early days of life of a term infant characterized with neurological impairment. Clinical manifestations include depression of tone/reflexes,difficulty in initiating and maintaining respiration, subnormal level DOI Number: 10.5958/0976-5506.2018.01466.3 of consciousness and seizures. 1 A clinical scoring by Miller and staging by Sarnat and Sarnat are widely used in identifying and grading of NE. 2, 3 The incidence of NE is between 2-6 per 1000 term neonates. [4] [5] [6] [7] [8] NE is associated with early neonatal mortality and long term neurodevelopmental sequel. 9, 10 The etiology of NE is heterogeneous and neonates with birth asphyxia and hypoxic ischemic encephalopathy (HIE) constitute the majority. The other etiologies would include metabolic causes like hypoglycemia with persistent seizures, inborn errors of metabolism, central nervous system (CNS) malformations and infections. Role of antepartum and intrapartum factors in the pathogenesis of NE have been studied. 6, 11 However using magnetic resonance imaging modality in cohorts of NE, it was found that most of the brain injuries usually occurred near or at the time of birth. 12, 13 Functional motor deficits can be detected early during infancy, however cognitive deficits appear slowly and may become obvious during preschool and school period, hence constant follow up is mandatory among the NE survivors. Cognitive development includes the ability to read, talk, learn to write, memorize, calculate, organize, conceptualize, paying attention and social interaction with appropriate behavior. Cognitive dysfunction manifests with scholastic backwardness, poor coordination, behavioral problems, and hyperactivity along with specific learning disabilities. This follow up study was conducted to determine the motor and cognitive functions of term neonates with neonatal encephalopathy, managed in our neonatal unit, at school age.
MATERIALS AND METHOD
A hospital based retrospective cohort study was conducted at the pediatric outpatient services of a tertiary teaching medical college hospital, Mangalore between July 2009 and June 2010. Survivors of term neonates who fulfilled the criteria for NE 1,2 during the first 72 hours of life and managed in the NICU between 2001 and 2003 in the same hospital were taken as cases. Children born as term babies during the same period requiring no intensive care were taken as controls.Neonates with prematurity, major congenital malformations, intra uterine infections, sepsis, pulmonary and cardiovascular disorders resulting in hypoxia were excluded from the study.
After obtaining the approval from the institutional Ethics Committee (IEC), necessary permissions were taken from the hospital authorities. The study subjects were selected using convenient sampling technique. NICU admission/discharge records between 2001 and 2003 were analyzed. Subjects and controls fulfilling the inclusion criteria were requested for a follow up visit at the OPD services of the hospital. Details of antenatal, natal, postnatal data and NICU course were entered in a semi structured pretested proforma. Clinical Scoring and staging of NE were documented.
A onetime follow up at 6 -8 years of age was carried out to assess the motor and cognitive function. Subject's parents/guardians were approached and explained about the objectives of the study in a language they understood and a participant information letter was provided to them. A written informed consent was obtained from each one of the parent/guardian. A detailed physical examination with specific emphasis on development and neurological evaluation was carried out.
The disability was assessed by GMFCS,a five level classification system designed to detect cerebral palsy.
14 Visual motor and perception functions were assessed by Bender Gestalt II test, which is a psychological assessment tool that evaluates visual maturity , visual motor integration skills and recall phase(for visual memory).
15 Cognitive abilities were assessed by Malin's Intelligence scale for Indian children, which generates a performance IQ, verbal IQ, and a total IQ score. 16 In case of parental concerns on hearing and speech defects appropriate referral was done for a detailed assessment. All the tests that had been used in this study had been validated in the pediatric population.
Analysis was done using Statistical Package for Social Sciences (SPSS Version 11.5, Chicago IL). Correlations of data between the cases and controls and within the risk groups were done by Kruskal Wallis test and Mann Whitney U test. A p value of <0.05 was considered significant.
RESULTS
Of the 40 cases enrolled, 19 cases were included. The baseline characteristics of the study are as in table 1. Table 2 depicts the Millers encephalopathy scoring for the study subjects. Greater than half of the cases (52.6%) had an encephalopathy score of one. Functional and cognitive assessment tests are as in table 3.By GMFCS, majority had no motor disabilities. As per the Bender Gestalt II tests, visual motor and visual perception was severely affected in five (26.3%) and 9 (47.4%) cases (Table 3) .
Malins verbal and performance tests had affected cases more than controls, the difference being significant ( Table 4) . The mean IQ level between the cases and controls was significant statistically (p<0.001).Recall and recopy tests of Bender Gestalt II (table 4) revealed that the memory was more affected in cases than in controls and was found to be statistically significant (p<0.001).
The mean values of Malins verbal / performance tests, IQ and Bender copy/ recall tests were studied individually with the encephalopathy scores (table 5).
The mean values in the above tests with encephalopathy score 1 and 2 were almost equal. The mean values of all the above tests were of higher values in cases with encephalopathy score 4 than with encephalopathy score 3.This difference was probably attributed to the early stimulation by the motivated and determined parents for their children who had encephalopathy score of 4. Among the behavioral problems, in our study, 6(31.6%) cases had temper tantrums. There were no children who had associated ADHD and autism. Cont... 
DISCUSSION
The deficits in cognition and motor functional deficits are of great concern among NE survivors. Studies show that neonates with mild NE had no greater increased risk of cognitive deficits or subtle motor impairments. [17] [18] [19] However neonates with severe NE had more risk of mental retardation and cerebral palsy. [19] [20] [21] Studies have documented neonates with moderate NE had visual motor/perceptive dysfunction, memory impairments and hyperactivity as cognitive deficits with no functional motor deficits. 17, 18, [20] [21] [22] Most often, there was delayed readiness to school with requirement of appropriate age based interventions at school and was not restricted to mental retardation .
Robertson et al studied HIE neonatal cohorts with age matched controls. Survivors without disability who had moderate NE had a greater risk of delayed readiness to school, lower scores for auditory memory, letter recognition, quantitative language, lower IQ and visualmotor integration (VMI) scores. They were similar to controls as in perceptual motor skills and receptive vocabulary, however there was significant delay in spelling, arithmetic and reading. 19 Similarly other studies showed cognitive dysfunction among moderate to severe NE. [20] [21] [22] In our study, IQ levels visual-motor, visual perception and memory were more lower in the cases than the controls with worsening as the encephalopathy scores increased.
Gonzalez et al in his review study documented that despite absence of functional motor deficits, moderate /severe NE survivors had risk of developing cognitive defects especially if Magnetic resonance imaging (MRI) brain showed watershed pattern of injury.
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In a review study on neonatal encephalopathy by van Handel M et al, children with mild NE had a near normal outcome while, children with severe NE had severe involvement of educational general intellectual capabilities and neuropsychological outcomes. There was heterogeneity with respect to outcomes in children with moderate NE and most of them had involvement of the domains such as arithmetic/mathematics, spelling and reading.
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Among the behavioural problems in children with moderate NE, hyperactivity 19, 21, 22 and autism with moderate and severe NE 25 have been reported. In our study there was no case of ADHD observed.
NE survivors with abnormal MRI either had impaired neurological functions or minor difficulties in motor and perceptual functions when assessed at 5-6 years of age. 17 In our study MRI was not done in study period mainly due to the feasibility issues. Based on brain injury patterns associated with NE on MRI, cognitive and behavioral issues could arise. Striatum and hippocampus were the most affected areas. [26] [27] [28] .These areas have been related with cognitive functions corresponding to attention and memory and may attribute to the pathogenesis of autism, ADHD and schizophrenia. 28, 29 The present study has limitations. Good Enough Draw a man test which was initially planned as part of cognition assessment was not done due to subjective reasons most common being losing interest during the course of the administration of various tests. The sample size was small. There was a onetime contact with the subject. Studies on a large scale and using more tests with multiple interactions with subjects would help us to better understand affected areas of cognition and motor function.
CONCLUSIONS
Thus to conclude, there was statistical significant difference in IQ level between the cases and controls (P<0.001) .Visual-motor, visual perception (P<0.001) and memory was affected in cases compared to controls. Greater the encephalopathy score the IQ, visual motor, visual perception and memory were more affected.
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